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,QWURGXFWLRQ
  0HDVXUHPHQWVRIFUXVWDOGHIRUPDWLRQDUHFRQWULEXWLQJJUHDWO\WRRXUXQGHUVWDQGLQJRI(DUWKG\QDPLFVEHLQJLW
UHODWHGZLWKWHFWRQLFVHLVPLFYROFDQLFDFWLYLW\RUWRODQGVOLGHV6XUIDFHGHIRUPDWLRQPHDVXUHPHQWVFDQEHXVHGWR
FRQVWUDLQWKHVXEVXUIDFHJHRPHWU\RIDFWLYHIDXOWVDQGWKHVSDWLDOGLVWULEXWLRQRIFRVHLVPLFVOLS0DQ\PHDVXUHPHQW
WHFKQLTXHVKDYHEHHQGHYHORSHGRYHUWLPHWRVWXG\WKH(DUWK¶VVXUIDFHGHIRUPDWLRQ6RPHRIWKHVHWHFKQLTXHVEHVLGHV
KDYLQJGLIIHUHQW OHYHOVRIDFFXUDF\DUHYHU\ WLPHFRQVXPLQJ HJFODVVLFDO VXUYH\V2QHRI WKHPRVW UHFHQWDQG
HIIHFWLYH GHYHORSHG WHFKQLTXH LV WKH VSDFHERUQH 6\QWKHWLF $SHUWXUH 5DGDU ,QWHUIHURPHWU\ ,Q6$5 EDVHG RQ
PLFURZDYHSXOVHVHPLWWHGE\DVSDFHERUQH6$5LQVWUXPHQWRQERDUGRIDVDWHOOLWH
 ,QWKHODWHVLWZDVQRWLFHGWKDWVRPHUDGDUWDUJHWVPDLQWDLQVWDEOHEDFNVFDWWHULQJFKDUDFWHULVWLFVIRUDSHULRG
RIPRQWKVRU\HDUVRUHYHQGHFDGHVDQGWKHSKDVHLQIRUPDWLRQIURPWKHVHVWDEOHWDUJHWVKHUHDIWHUFDOOHG3HUVLVWHQW
6FDWWHUHUVRU36FDQEHXVHGHYHQRYHUD ORQJ WLPHSHULRG7KH0XOWLWHPSRUDO ,Q6$507,Q6$5 WHFKQLTXHV
UHSUHVHQWHG DQ LPSRUWDQW DGYDQFH ZLWK UHVSHFW WR WKH VWDQGDUG RQHV ERWK LQ WHUPV RI GHIRUPDWLRQ PRGHOOLQJ
FDSDELOLWLHV DQG TXDOLW\ RI WKH GHIRUPDWLRQ HVWLPDWLRQV07,Q6$5 WHFKQLTXHV HPHUJHG DQG LPPHGLDWHO\ JDLQHG
SRSXODULW\ DV D WRRO IRU GHIRUPDWLRQPHDVXUHPHQWV GXH WR LWV DELOLW\ WR RYHUFRPH OLPLWDWLRQV RI WKH FRQYHQWLRQDO
',Q6$5WHPSRUDODQGJHRPHWULFGHFRUUHODWLRQDQGDWPRVSKHULFLQKRPRJHQHLWLHV3UHVHQWO\WKHUHDUHVHYHUDO07
,Q6$5PHWKRGVGHYHORSHGE\GLIIHUHQWUHVHDUFKJURXSVWKDWH[SORLWGDWDDFTXLUHGE\VSDFHERUQH6$5VHQVRUVZLWK
VXUIDFHPRQLWRULQJSXUSRVHV+RZHYHUVRPHRIWKHVHPHWKRGRORJLHVGHSHQGLQJRQWKHPRWLYDWLRQVWKDWOHGWRLWV
GHYHORSPHQW SUHVHQW FRQFHSWXDO GLIIHUHQFHV UHVXOWLQJ LQ GLIIHUHQW OHYHO RI SHUIRUPDQFH 6HH IRU LQVWDQFH IRU D
JHQHUDOUHYLHZ
 7KHGHIRUPDWLRQRFFXUULQJLQWKH%HWLF&RUGLOOHUDVRXWKHUQ6SDLQFRUUHVSRQGVWRWKHUHODWLYHPRYHPHQWEHWZHHQ
,EHULDDQG$IULFDSODWHV)URPWKHODWHU0LRFHQHWRWKHSUHVHQWWKHLUFRQYHUJHQFHPP\HDULQD1:6(GLUHFWLRQ
PDLQO\OHDGWRDG\QDPLFVLWXDWLRQLQZKLFKD11:66(WR1:6(FRPSUHVVLRQLVFRPELQHGZLWKDQ(1(:6:
H[WHQVLRQ$VDFRQVHTXHQFHVRPHPRXQWDLQUDQJHVDQGLQSDUWLFXODU6LHUUD7HMHGD)LJORFDWHGLQWKH,QWHUQDO
]RQHRIWKH%HWLF&RUGLOOHUDZDVJHQWO\IROGHGLQDQDSSUR[LPDWH(:GLUHFWLRQDVRFFXUUHGLQRWKHUDUHDVLQWKH
%HWLFV IRU LQVWDQFH WKH JUHDW DQWLIRUP RI 6LHUUD1HYDGD 7KH DQWLIRUP RI 6LHUUD7HMHGD LV VXSHUSRVHG WR D YHU\
FRPSOLFDWHG$OSLQHVWUXFWXUHZKHUHYHU\WLJKWIROGVDUHDEXQGDQW)DXOWVDQGIROGVFRQWULEXWHGWRWKHSUHVHQWHOHYDWLRQ
RI6LHUUD7HMHGDJLYLQJDVWURQJUHOLHI LQFRPSDULVRQWRWKHVXUURXQGLQJDUHD)LJZLWKSHDNVDURXQGP
DERYHPHDQVHDOHYHOLQYHVWLJDWHGWKHGHIRUPDWLRQSDWWHUQRIWKLVDUHDRIWKH%HWLF&RUGLOOHUDLQWKHSHULRG
E\XVLQJVDWHOOLWHUDGDULQWHUIHURPHWU\ZLWK(56DQG(QYLVDW$6$5GDWDVHWV7KHPRVWVLJQLILFDQWVXUSULVLQJ
UHVXOWZDVWKDWWKHPDLQHOHYDWHGDUHDV6LHUUD*RUGDDQG6LHUUD7HMHGDXQGHUJRQHSUHVHQWGD\VXEVLGHQFHIRUDOOWKH
SHULRGLQUHVSHFWWRWKHORZUHOLHIDUHDV*UDQDGDEDVLQDWWKHQRUWKDQGVRXWKZHVWHUQ6LHUUD7HMHGD
 :LWKWKHDLPRIPRQLWRULQJJURXQGGHIRUPDWLRQXQGHUXQIDYRUDEOHFRQGLWLRQVFDXVHGE\URXJKWRSRJUDSK\DQG
PLOOLPHWULFGHIRUPDWLRQUDWHVOLNHWKHFDVHRIWKHPDLQIDXOWVLQWKH%HWLF&RUGLOOHUDLQWKLVSDSHUZHFRPSDUHWKH
SURFHVVLQJUHVXOWVRIWKLVDUHDZLWKWKHFLWHGGDWDVHW(56DQG(QYLVDW$6$5XVLQJWKUHHGLIIHUHQW
,Q6$5WRROSDFNDJHV6WDQIRUG0HWKRGIRU3HUVLVWHQW6FDWWHUHUV0XOWL7HPSRUDO,Q6$56WD03607,6$5352=
DQG WKH36%$6VHUYLFHE\&15,5($DQG(6$566ZLWKLQ WKH(6$¶V*32'*ULG3URFHVVLQJRQ'HPDQG
SODWIRUP
6DWHOOLWHGDWDVHWV
 7KHVWXG\DUHD LVFRYHUHGE\ WZRGLIIHUHQWVDWHOOLWH WUDFNV*URXQGPRYHPHQWVSUHVHQW LQVHFWLRQKDYHEHHQ
PHDVXUHGSHUIRUPLQJ07,Q6$5RQ(56&EDQGDQG(QYLVDW$6$5&EDQG6/&VFHQHVERWKaFP
ZDYHOHQJWK 7KH (56 GDWD FRUUHVSRQG WR GHVFHQGLQJ RUELWV WUDFN  DFTXLUHG EHWZHHQ  DQG
ZLWKDQLQFLGHQWDQJOHRIDQGD[PQRPLQDOVSDWLDOUHVROXWLRQ7KH(QYLVDW$6$5LPDJHVZHUH
DFTXLUHGIURPWRDORQJGHVFHQGLQJRUELWVWUDFNZLWKDQLQFLGHQFHDQJOHRIDWWKH
PLGGOHVZDWK,6DQGD[PQRPLQDOSL[HOGLPHQVLRQ)LJVKRZVWKHGLVWULEXWLRQRIWKHVHWUDFNVRYHUWKHVWXG\
DUHD'XHWR(56RQERDUGJ\URVFRSHIDLOXUHRQ-DQXDU\RQO\LPDJHVXQWLOWKHHQGRIZHUHVHOHFWHGWR
DYRLGKLJK'RSSOHUFHQWURLGGLIIHUHQFHVRIPRUHWKDQWKHFULWLFDOYDOXHRI+]0DVWHULPDJHVZHUHVHOHFWHGRQWK
'HFHPEHUIRUWKH(56GDWDVHWDQGRQWK1RYHPEHULQWKHFDVHRI(QYLVDW
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0XOWL7HPSRUDO,Q6$5
,Q6$5LVOLPLWHGE\WHPSRUDODQGJHRPHWULFDOGHFRUUHODWLRQDVPHQWLRQHGEHIRUH07,Q6$5PHWKRGVDUHKHOSIXO
WRRYHUFRPH WKHVH OLPLWDWLRQV7KH LGHDEHKLQG WKHVHPHWKRGV LV WRGLVFHUQFRKHUHQW UDGDU VLJQDO IURP LQFRKHUHQW
FRQWULEXWLRQV LQ RUGHU WR REWDLQ RQO\ WKRVH REVHUYDWLRQV ZKLFK DUH SK\VLFDOO\ PHDQLQJIXO ,Q RWKHU ZRUGV D 36
3HUPDQHQWRU3HUVLVWHQW6FDWWHUHULVDQLVRODWHGSRLQWZLWKLQWHUSUHWDEOHSKDVHFKDUDFWHULVWLFVLQWLPH0HWKRGVIRU
LGHQWLI\LQJDQGLVRODWLQJWKHVH36LQLQWHUIHURJUDPVKDYHEHHQGHYHORSHGXVLQJDIXQFWLRQDOPRGHOWRPDSGHIRUPDWLRQ
YDULDWLRQZLWKWLPH7KHPHWKRGVKDYHEHHQYHU\VXFFHVVIXOLQLGHQWLI\LQJ36SL[HOVLQERWKXUEDQDQGQRQXUEDQDUHDV
XQGHUJRLQJSULPDULO\VWHDG\VWDWHRUSHULRGLFGHIRUPDWLRQ
&XUUHQWO\WKHUHDUHWZREURDGFDWHJRULHVRI07,Q6$5WHFKQLTXHVSHUVLVWHQWVFDWWHUHU36,PHWKRGVHJ
DQGVPDOOEDVHOLQH6%PHWKRGVHJ,QWKHIROORZLQJVXEVHFWLRQVZHEULHIO\GHVFULEHVRPHFKDUDFWHULVWLFVRI
WKHXVHG,Q6$5WRROSDFNDJHV
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)LJ/RFDWLRQRIWKHVWXG\DUHD6LHUUD7HMHGDLQ%HWLF&RUGLGOOHUDVRXWKHUQ6SDLQ7KH$2,LVGHSLFWHGE\DEODFNHOOLSVHLQWKHPLGGOHILJXUH
ZKHUHERWKWKHDVFHQGLQJDQGGHVFHQGLQJIUDPHVDQGFURSSHGDUHDVDUHVKRZQE\\HOORZDQGUHGUHFWDQJOHVUHVSHFWLYHO\2QWKHULJKWD'LJLWDO
(OHYDWLRQ0RGHO'(0RIWKHVWXG\DUHD$OWLWXGHVUDQJHIURPWRP
3.1. StaMPS  
6WD036LVDVRIWZDUHSDFNDJHGHYHORSHGLQ0$7/$%WKDWLPSOHPHQWVD36,PHWKRGGHYHORSHGWRZRUNHYHQLQ
WHUUDLQVGHYRLGRIPDQPDGHVWUXFWXUHVDQGRUXQGHUJRLQJQRQVWHDG\GHIRUPDWLRQ6WD03607,07,Q6$5LV
DQH[WHQGHGYHUVLRQRI6WD036WKDWDOVRLQFOXGHVDQ6%PHWKRGDQGDFRPELQHG07,Q6$5PHWKRGDOORZLQJWKH
LGHQWLILFDWLRQRIVFDWWHUHUVWKDWGRPLQDWHWKHVFDWWHULQJIURPWKHUHVROXWLRQFHOO36DQGVORZO\GHFRUUHODWLRQILOWHUHG
SKDVH6')3SL[HOVWKDWLVSL[HOVZKRVHSKDVHZKHQILOWHUHGGHFRUUHODWHVOLWWOHRYHUVKRUWWLPHLQWHUYDOV
7KHSURFHVVLQJFKDLQEHJLQVE\UHDGLQJWKH6$5VFHQHVDQGSUHFLVHRUELWV7KHQWKHPDVWHUVFHQHLVVHOHFWHGLQ
RUGHU WR VWDUW WKH ,Q6$5SURFHVVLQJ 3DUDPHWHUV VXFK DV WKH HIIHFWLYH EDVHOLQH WKH DFTXLVLWLRQ GDWH WKH'RSSOHU
FHQWURLGIUHTXHQF\DQGWKHVHDVRQRIWKHDFTXLVLWLRQIRUPWKHVHOHFWLRQFULWHULD'XULQJWKHGLIIHUHQWLDOLQWHUIHURPHWULF
SURFHVVLQJVWHSVWKHREVHUYDWLRQJHRPHWU\RIWKHUDGDUDFTXLVLWLRQLVVLPXODWHG$'LJLWDO(OHYDWLRQ0RGHO'(0
DQGSUHFLVHRUELWV DUHXVHG DV LQSXW7KDWPHDQV WKDW WKH LQWHUIHURPHWULF SKDVH FDQEHPRGHOOHG7KHGLIIHUHQWLDO
LQWHUIHURPHWULFSKDVHLVXVHGLQDOOIXUWKHUFRPSXWDWLRQV
6WD036XVHVERWKDPSOLWXGHDQGSKDVHDQDO\VLVWRGHWHUPLQHWKH36SUREDELOLW\IRULQGLYLGXDOSL[HOV)LUVWDQLQLWLDO
VHOHFWLRQEDVHGRQO\RQDPSOLWXGHDQDO\VLVLVSHUIRUPHGDQGWKHQWKH36SUREDELOLW\LVUHILQHGXVLQJSKDVHDQDO\VLV
LQDQLWHUDWLYHSURFHVV2QFHVHOHFWHGWKHVLJQDOGXHWRGHIRUPDWLRQLQWKH36SL[HOVLVLVRODWHG,QFRQWUDVWWRWKH
VWDQGDUG36,DSSURDFKWKLV36,PHWKRGGRHVQRWUHTXLUHDQ\DSULRULDVVXPSWLRQVDERXWWKHWHPSRUDOQDWXUHRIWKH
GHIRUPDWLRQ IRU36VHOHFWLRQ7KLV LVDFKLHYHGE\XVLQJ WKH VSDWLDOO\FRUUHODWHGQDWXUHRIGHIRUPDWLRQ UDWKHU WKDQ
UHTXLULQJDNQRZQWHPSRUDOGHSHQGHQFH0RUHGHWDLOVDERXWWKHZD\WKDW6WD036LGHQWLILHV36IURPLQWHUIHURJUDPV
FDQEHIRXQGLQ7KH6%PHWKRGXVHVDPSOLWXGHGLVSHUVLRQYDOXHVDQGWKHQLGHQWLILHVWKH6')3SL[HOVSHUIRUPLQJ
SKDVHDQDO\VLVLQVSDFHDQGWLPH%HFDXVH36,DQG6%DSSURDFKHVDUHRSWLPL]HGIRUUHVROXWLRQHOHPHQWVZLWKGLIIHUHQW
6LHUUD7HMHGD
6LHUUD*RUGD
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VFDWWHULQJFKDUDFWHULVWLFVWKH\DUHFRPSOHPHQWDU\DQGWHFKQLTXHVWKDWFRPELQHERWKDSSURDFKHVDUHDEOHWRH[WUDFW
WKHVLJQDOZLWKJUHDWHUFRYHUDJHWKDQHLWKHUPHWKRGDORQH7KXVERWKVHOHFWLRQV366'3)DUHFRPELQHGDQGD
'SKDVHXQZUDSSLQJDOJRULWKPLVDSSOLHGWRLVRODWHWKHGHIRUPDWLRQVLJQDOEDVHGRQWKHVHSL[HOV7KHLQQHUZRUNLQJV
RIWKLVVRIWZDUHSDFNDJHDUHGHVFULEHGLQPRUHGHWDLOLQ
3.2. SARPROZ 
 7KLVLQWHUIHURPHWULFWRROSDFNDJHGHYHORSHGLQ0$7/$%DVZHOOSURYLGHVPDQ\GLIIHUHQWRSWLRQVIRUFRPELQLQJ
ORQJVHULHVRIGDWDEHLQJDEOHWRVHOHFWGLIIHUHQWVHWRILQWHUIHURJUDPVWRSURFHVVDQGGLIIHUHQWWHFKQLTXHV3DUDPHWHUV
FDQEHHVWLPDWHGWKURXJKWKHFODVVLFDO36,DOJRULWKPDVZHOODVWKURXJKWKH4XDVL36RQH,QWKHHQG$36FDQEH
HVWLPDWHGWKURXJKGLIIHUHQWDOJRULWKPVIRUWKHJUDSKLQYHUVLRQ$OOGHWDLOVDERXWWKLVLQWHUIHURPHWULFSDFNDJHFDQEH
IRXQGLQDQGRQWKHRIILFLDOZHEVLWHZZZVDUSUR]FRP
 $V WKHILUVWVWHSDOO WKH6/&VIURPWKH LQSXWGDWDVHWVZHUHFRQYHUWHG LQWR WKHIRUPDWUHDGDEOHE\6$5352=
6HYHUDOWDVNVVXFKDVFRPSXWDWLRQRIWKHGDWDVHWVWDWLVWLFV)LJDSSO\LQJSUHFLVHRUELWVLIDYDLODEOHREWDLQLQJD
ZHDWKHUGDWDIRUHDFKVFHQHVHOHFWLQJWKHVXEVHWRI6/&VWRFRYHUWKHDUHDRILQWHUHVWHWFDUHSHUIRUPHGLQWKLVVWHS
LQDVLPSOH*8,*UDSKLF8VHU,QWHUIDFH7KHPDVWHUDFTXLVLWLRQIRUERWKVHQVRUVKDYHEHHQFKRVHQZLWKUHVSHFWWR
WKH6WD036SURFHVVLQJWKDWZDVSHUIRUPHGILUVW6LQFH6$5352=DXWRPDWLFDOO\GRZQORDGVWKHPHWHRURORJLFDOGDWD
IRUHDFKDFTXLVLWLRQGDWHWKHSUHFLSLWDWLRQZDVGHWHFWHGGXULQJWKHGD\RISUHYLRXVO\VHOHFWHGPDVWHUKRZHYHULWKDV
QRWEHHQFKDQJHG LQRUGHU WRNHHS UHVXOWV FRPSDUDEOH0RUHRYHU(56 LPDJHVZLWKRXWSUHFLVHRUELWVZHUH
RPLWWHGGXHWRWKHELDVWKDWWKH\ZHUHFDXVLQJLQILQDOHVWLPDWHGSDUDPHWHUVWKRXJKWKH\ZHUHFRUHJLVWHUHGEDVHGRQ
WKHSDUDPHWHUFKDQJHVSHUIRUPHGZLWKLQDVRIWZDUH*8,0DVWHULPDJHDQGVODYHLPDJHVZHUHWKHQH[WUDFWHGDQGFR
UHJLVWHUHG:LWKLQ WKH FRUHJLVWUDWLRQ SURFHVV WKH RIIVHWV EHWZHHQ WKHPDVWHU DQG VODYH LPDJHV DUH HVWLPDWHG E\
LQYHVWLJDWLQJ WKHFRUUHODWLRQRI WKHDPSOLWXGH LQIRUPDWLRQ LQ WKHVSDWLDODQGVSHFWUDOGRPDLQ(DFKVODYH LPDJH LV
DOLJQHG WR WKHPDVWHU VR WKDW WKH SRUWLRQ RI LPDJHG WHUUDLQ RI HDFK SL[HO LQ WKH VODYH LPDJH LV WKH VDPH LQ WKH
FRUUHVSRQGLQJSL[HOVRIWKHPDVWHULPDJH)URPWKHFRUHJLVWHUHGVWDFNRILPDJHVWKHUHIOHFWLYLW\PDSDVWKHWHPSRUDO
DYHUDJHRIWKHLQWHQVLWLHVRIDOOLPDJHVLQDGDWDVHWZDVJHQHUDWHGDQGWKHDPSOLWXGHVWDELOLW\LQGH[ZDVFRPSXWHG
7KH LQLWLDO FRDUVH VHW RI SRLQWV IRU IXUWKHU SURFHVVLQJ LV VHOHFWHG SRVVLEO\ GHWHFWLQJ DQG LJQRULQJ VLGHOREH
REVHUYDWLRQV7KHSUHOLPLQDU\JHRFRGLQJXVLQJP'(0ZDVSHUIRUPHGQH[W,PSRUWDQWO\WRQRWHYHU\SUHFLVH
JHRORFDWLRQRIHDFK363HUVLVWHQW6FDWWHUHUSRLQWFRXOGEHREWDLQHGGXHWRSURSULHWDU\SURFHGXUHVLPSOHPHQWHGLQ
6$5352=7KHJHRFRGLQJFRXOGEHGRQHHLWKHUDXWRPDWLFDOO\RUPDQXDOO\'HSHQGLQJRQWKHDYDLODEOHGDWDDQG
WKHUHVROXWLRQWKHUHDUHGLIIHUHQWVWUDWHJLHVIRUVHOHFWLQJJRRGWLHSRLQWVIRUJHRFRGLQJ/DPSSRVWVFOHDUO\LGHQWLILDEOH
LQUHIOHFWLYLW\PDSVIURPERWKWUDFNVKDYHEHHQFKRVHQPDQXDOO\DVJURXQGFRQWUROSRLQW*&3LQRXUFDVH1H[WWKH
'(0LQ6$5FRRUGLQDWHVZDVFDOFXODWHGWRDVVLVWWKH36,SURFHVVLQJ)LQDOO\WKHSKDVHWRKHLJKWDQGSKDVHWRIODW
FRQVWDQWVZHUHJHQHUDWHG
 )URPWKHQRQWKHSURFHVVLQJZDVFDUULHGRXWRQDVHWRISRLQWVH[SORLWLQJDGLIIHUHQWFKDUDFWHULVWLFUHODWHGWRWKH
DPSOLWXGH RI WKH UDGDU VLJQDO UHIOHFWLYLW\PDS DPSOLWXGH VWDELOLW\ LQGH[ WHPSRUDO DQG VSDWLDO FRKHUHQFH )RU
FUHDWLQJDQHWZRUNRI36FDQGLGDWHV36&DWKUHVKROGRQDPSOLWXGHVWDELOLW\LQGH[ZDVDSSOLHGLQRUGHUWRHVWLPDWH
SUHOLPLQDU\SDUDPHWHUVDQG$WPRVSKHULF3KDVH6FUHHQ$367KHODUJHUVHWRISRLQWVEDVHGRQUHIOHFWLYLW\PDSDQG
VSDWLDOFRKHUHQFHZDVXVHGGXULQJ WKHFRPSHQVDWLRQRI$36,QYHUWHG UHVLGXDOV$36ZHUHHVWLPDWHGXVLQJ WKH
VWUDWLILFDWLRQRSWLRQLQRUGHUWRHVWLPDWHWKHFRUUHODWLRQEHWZHHQ$36DQGHOHYDWLRQ'(0FRPSHQVDWLQJWKHYHUWLFDO
VWUDWLILFDWLRQ RI WKH$36 IRU WKH FRKHUHQW SRLQWV LQ GLIIHUHQW DOWLWXGHV RYHUPRVWO\PRXQWDLQRXV DUHD$IWHU$36
UHPRYDOWKHILQDOHVWLPDWHVRIKHLJKWDQGYHORFLW\ZHUHFRPSXWHG$VDUHVXOWDQGLPDJHVKDYHEHHQXVHGIRU
WKHDQDO\VLVRI(56DQG(QYLVDWGDWDVHWVUHVSHFWLYHO\LQ6$5352=LQFRPSDULVRQWRDQGLPDJHVVHOHFWHG
LQ6WD036DVGXULQJWKHUHHYDOXDWLRQRI WKHXQZUDSSLQJHUURUV LQ LQWHUIHURPHWULFSDLUVZLWKKLJKHUSHUSHQGLFXODU
EDVHOLQHVWKH6/&LPDJHVZHUHH[FOXGHGLQ6WD036VXEVHTXHQWO\7KHWKUHVKROGRQWHPSRUDOFRKHUHQFHDQGVSDWLDO
FRKHUHQFHYDOXHZDVXVHGWRYLVXDOL]HWKHILQDOUHVXOWV5HIHUHQFHSRLQWIRUERWKSURFHVVLQJVWDFNVZDVFKRVHQZLWK
UHVSHFWWRSUHYLRXV6WD036SURFHVVLQJLQVWDEOHSODFHVLQGLFDWHGE\JHRORJLVWV6LHUUD*RUGD)LJ7KHVHDUHDVDUH
H[KLELWLQJPD[LPXPYDOXHVRIWHPSRUDODQGVSDWLDOFRKHUHQFHLQUHVXOWVIURP6$5352=XQGHUOLQLQJWKHDVVXPSWLRQ
WKDWWKH\DUHQRWXQGHUJRLQJDQ\PDMRUPRYHPHQWV

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3.3. The P-SBAS Web Tool within the G-POD Environment 
 *32'LVDQHQYLURQPHQWWKDWZDVGHVLJQHGE\(6$ZLWKLQWKH5HVHDUFK	6HUYLFH6XSSRUWZLWKDSSOLFDWLRQV
WKDWH[SORLW(DUWK2EVHUYDWLRQ(2GDWD,QVXFKHQYLURQPHQWDJHQHULFDSSOLFDWLRQFDQEHHQFDSVXODWHGZLWKLQVXFK
DYLUWXDOHQYLURQPHQWDQGFDQH[SORLWERWKGLVWULEXWHGKLJKSHUIRUPDQFHSURFHVVLQJUHVRXUFHVDQGODUJHYROXPHVRI
DUFKLYHGGDWDLQRUGHUWRSURYLGHWKHVFLHQWLILFFRPPXQLW\ZLWKQHZ(2VHUYLFHV
 *32'EHQHILWVIURPWKHDFFHVVWRWKH(6$FRPSXWLQJIDFLOLWLHVDVZHOODVWRWKHLU(2GDWDDUFKLYHVDQGSURYLGHV
D IULHQGO\ZHEXVHU LQWHUIDFH WKDWSHUPLWV WKHSURFHVVLQJRI MREVRQDGLVWULEXWHGFRPSXWLQJ V\VWHP7KH*32'
HQYLURQPHQWLVLQGHHGDFRPSOH[GLVWULEXWHGDUFKLWHFWXUHWKDWLVFRQVWLWXWHGRIGLIIHUHQWORJLFDOVXEV\VWHPVVXFKDV
FRPSXWLQJIDFLOLW\ZHESRUWDOVHUYLFHVPRGXOHVUHSRVLWRU\DQGVDWHOOLWHGDWDFDWDORJXHV
 7KH36%$6ZHE WRROZLWKLQ*32' LV D WRWDOO\ DXWRPDWLF DSSURDFK WKDW DOORZVSURFHVVLQJ WKH IXOO36%$6
ZRUNIORZ)LJDQGLWRQO\UHTXLUHV WKHVHOHFWLRQIURPWKH(6$DUFKLYHVRI6$5GDWD WREHH[SORLWHGDQGWKH
VHWWLQJRIIHZSDUDPHWHUVQHHGHGIRUWKH07,Q6$5SURFHVVLQJ7KLV*32'VHUYLFHLQWHJUDWHVWKHPXOWLWHPSRUDO
DQG',Q6$5DOJRULWKPGHYHORSHGE\&15,5($DGDSWHGIRUSDUDOOHOFRPSXWDWLRQ
)LJ2QWKHOHIWVLGHGSDUWRIWKHILJXUHVD(56GHVFHQGLQJWUDFNDQGE(QYLVDWDVFHQGLQJWUDFNLQFORFNZLVHRUGHUGHSLFWHGDUH
WKHKLVWRJUDPRIWKHSHUSHQGLFXODUEDVHOLQHVWKHKLVWRJUDPRIWKH'RSSOHUFHQWURLGVWKHWHPSHUDWXUHDWWKHDFTXLVLWLRQWLPHDQGWKHWLPH
VDPSOLQJRIWKHDFTXLVLWLRQVDQGVHQVRUVWKDWDFTXLUHGWKHGDWD2QWKHULJKWVLGHGSDUWWKHLQWHUIHURPHWULFFRQILJXUDWLRQIRUWKH36,Q6$5
DQDO\VLV

7KH36%$66HUYLFHDOORZVDQ\XVHUWRSURGXFHPXOWLWHPSRUDO',Q6$5SURGXFWV0RUHVSHFLILFDOO\WKHXVHU
PXVWFDUU\RXWWKHIROORZLQJDFWLRQVLQRUGHUWRFUHDWHDYDOLG*32'WDVN
x 6HOHFWWKHDUHDRILQWHUHVW$2,WREHSURFHVVHGDQGWKH',Q6$5UHIHUHQFHSL[HO7KH$2,VHOHFWLRQLVPDGHYLD
DERXQGLQJER[RYHUDQLQWHUDFWLYHJHRJUDSKLFDOPDSFOLHQW,QVWHDGWKHUHIHUHQFHSRLQWVHOHFWLRQLVFDUULHGRXWE\
VKLIWLQJDSODFHPDUNRYHUWKHPDSFOLHQW,WLVDOVRSRVVLEOHWRLQVHUWJHRJUDSKLFFRRUGLQDWHVRIDNQRZQSRLQWLQ
WKHDSSURSULDWHILHOGV$VDJHQHUDOKLQWIRUWKHUHIHUHQFHSRLQWVHOHFWLRQLWLVVWURQJO\VXJJHVWHGWKDWLWLVORFDWHG
LQDVWDEOHDQGH[SHFWHGFRKHUHQWDUHD
x ,QGLFDWHWKHWLPHSHULRGXVHGIRUWKHVXEVHTXHQW6$5GDWDTXHU\LQJ
D
E
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x 6HOHFWWKH(6$GDWDFDWDORJXHIURPZKLFKWKH6$5DFTXLVLWLRQVDUHDXWRPDWLFDOO\UHWULHYHG7KH9LUWXDO$UFKLYH
9$FDWDORJXHLVWKHPDLQVRXUFHRI6$5GDWDIRUWKH36%$6ZHEWRRO9$LVFRPSRVHGE\VXEVHFWLRQV
FRQWDLQLQJWKH(19,6$7$6$5DQGWKH(56GDWDWKHODWWHUEHLQJSUHVHQWLQERWK&(26DQG$6$5IRUPDWV
0RUHRYHUWKHSRVVLELOLW\WRVHOHFWGDWDE\UHODWLYHRUELWQXPEHUWUDFNLVDOVRSURYLGHG
x 6DYHWDVNLQZRUNVSDFHWRFUHDWHWKHWDVNVZLWKRXWVWDUWWKHSURFHVVLQJRUSUHVVWKH3URFHVVLWEXWWRQWRLPPHGLDWHO\
VWDUWWKHSURFHVVLQJ


)LJ36%$6ZRUNIORZ%ODFNVLQJOHDQGUHGPXOWLOD\HUHGEORFNVUHSUHVHQWVHTXHQWLDODQGSDUDOOHOIURPDSURFHVVOHYHOSHUVSHFWLYH
SURFHVVLQJVWHSVUHVSHFWLYHO\7KLVVFKHPHUHGXFHVWRWKH6%$6VHTXHQWLDOZRUNIORZZKHQRQO\RQHSURFHVVRULVHPSOR\HG)URP
 2SWLRQDOO\VRPHEDVLFLQWHUIHURPHWULF6$5SDUDPHWHUVWRGHILQHDUHVSDWLDODQGWHPSRUDOEDVHOLQHWKUHVKROGV
DSSUR[LPDWHVL]HLQPHWHUVRI WKHUHVXOWLQJJURXQGSL[HO ILOWHULQJFRHIILFLHQWDQGQRLVH WKUHVKROGV,W LVVWURQJO\
VXJJHVWHGWKDWH[SHUWXVHUVRQ',Q6$5SURFHVVLQJSHUIRUPWKHVHWWLQJRIWKHVHSDUDPHWHUV+RZHYHUWRVLPSOLI\WKLV
WDVNIRUOHVVH[SHUWXVHUVGHIDXOWYDOXHVIRUHDFKSDUDPHWHUDUHDOVRSURYLGHG,WLVZRUWKKLJKOLJKWLQJWKDWWKHVHGHIDXOW
YDOXHVDUHWKHUHVXOWRIH[WHQVLYHDQGORQJWHUPDQDO\VHVRI(6$&EDQGGDWDDQGDUHVXLWDEOHIRUDODUJHSDUWRIFDVH
VWXGLHV 1RWH WKDW D IODJ LV DOVR DYDLODEOH WR OLPLW WKH ',Q6$5 DQDO\VLV WR WKH JHQHUDWLRQ RI PXOWLWHPSRUDO
LQWHUIHURJUDPVRQO\
 2QFHWKHDIRUHPHQWLRQHGDFWLRQVKDYHEHHQGRQHWKHXVHUFDQUXQWKH36%$6SURFHVVLQJFKDLQRQWKHDOORFDWHG
FRPSXWLQJIDFLOLWLHV:KLOHUXQQLQJWKHXVHUFDQDOVRPRQLWRUWKHSURFHVVLQJVWDWXVDQGRQFHWKHMRELVWHUPLQDWHG
WKHILQDOUHVXOWVDUHDYDLODEOHIRUGRZQORDGIURPLHLWKHUWKH*32'ZHESRUWDORULLDXVHUGHILQHG)73VHUYHU
5HVXOWVDQGFRQFOXVLRQV
 )LJVDQGVKRZWKHPHDQ/26YHORFLW\PDSVGHULYHGIURP6WD0366$5352=DQG36%$6SURFHVVLQJIRU
(56DQG(QYLVDW$6$5GDWDVHWUHVSHFWLYHO\,QWKHFDVHRI36%$6UHVXOWVYHU\IHZ36DUHGHWHFWHGLQ6LHUUD
7HMHGD7KLVPDNHVFRPSDULVRQVZLWKWKHRWKHUWRROUHVXOWVVRPHZKDWGLIILFXOWLQRUGHUWRLGHQWLI\VLPLODUGHIRUPDWLRQ
SDWWHUQV
 5HYLHZLQJWKHGHIRUPDWLRQPDSVVHYHUDOSODFHVZLWKVXVSLFLRXVGHIRUPDWLRQWUHQGVKDYHEHHQLGHQWLILHG$VLWLV
VRPHWLPHVFRPSOLFDWHGWRUHVROYHLPSHUIHFWLRQVLQVXSSRVHGPRGHOIRUHVWLPDWHGSDUDPHWHUVRYHUZLGHDUHDVHJ
DWPRVSKHULFGLVWXUEDQFHVXQPRGHOHGGHIRUPDWLRQHWFWKHVHVLWHVZRXOGUHTXLUHGHHSHULQYHVWLJDWLRQLQWHUPVRI
SURFHVVLQJWKHPORFDOO\ZKHUHVRPHRIWKHVHLPSHUIHFWLRQVFDQEHPLQLPL]HGRUHYHQQHJOHFWHGDWPRVSKHULFHIIHFWV
WRWKHH[WHQWRI[NP)RUWKHFDVHRI6$5352=GLIIHUHQWWHVWVLQYROYLQJUHGXQGDQW36&3HUPDQHQW6FDWWHUHU
&DQGLGDWHVQHWZRUNVDQGUHGXQGDQWLPDJHV¶JUDSKFRQQHFWLRQVLQRUGHUWRLQFUHDVHUREXVWQHVVDQGVWXG\YDULRXV
GHFRUUHODWLRQPHFKDQLVPV DUH XQGHU H[DPLQDWLRQ ,W LVZRUWK WRPHQWLRQ IURPPRVW RI WKH ,Q6$5 WRROSDFNDJHV
DYDLODEOH WR VFLHQWLILF FRPPXQLW\ WKDW 6$5352= DOORZV IRU VHDPOHVV WUDQVLWLRQ EHWZHHQ PDQ\ GLIIHUHQW
LQWHUIHURPHWULFVWUDWHJLHVLPDJHVJUDSKFRQQHFWLRQVZHLJKWVRQDFRKHUHQFHGLIIHUHQWSDUDPHWHUVIRUDSULRULDQGD
SRVWHULRULVHOHFWLRQRIWKHSRLQWVLQFRUSRUDWLQJWKHOLIHWLPHRIWKHWDUJHWVHWFLQVHDUFKIRUWKHVLJQDORILQWHUHVW
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)LJ'YLHZRIWKHPHDQ/26YHORFLW\PDSVIRU(56IURP6WD036WRS6$5352=PLGGOHDQG36%$6ERWWRP9HORFLW\
UDQJHLVLQWKHLQWHUYDORIWRPP\U



6WD036
6$5352=
36%$6
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)LJ'YLHZRIWKHPHDQ/26YHORFLW\PDSVIRU(QYLVDW$6$5IURP6WD036WRS6$5352=PLGGOHDQG36%$6ERWWRP
9HORFLW\UDQJHLVLQWKHLQWHUYDORIWRPP\U



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ZKHUHDVWKHGHIDXOWRSWLRQVDQGXVHUIULHQGO\LQWHUIDFHDOORZEHJLQQHUVWRHDVLO\WDFNOHWKHLQWHUIHURPHWU\
 ,QJHQHUDOWKHGHIRUPDWLRQSDWWHUQVIURP6WD036DQG6$5352=DUHYHU\VLPLODULQERWKSHULRGVIURPWR
7KH6$5352=UHVXOWVWKXVFRQILUPWKHVHREWDLQHGE\XVLQJ6WD036DQGDVDFRQVHTXHQFHDQGWKDWWKHPDLQ
HOHYDWLRQDUHDVXQGHUJRQHSUHVHQWGD\VXEVLGHQFHIRUDOOWKHSHULRGRIDQDO\VLV
$FNQRZOHGJHPHQWV
 6$5GDWDDUHSURYLGHGE\WKH(XURSHDQ6SDFH$JHQF\(6$LQWKHVFRSHRI*32'DQG&$7
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